Abstract: Lowering the threshold gain of InAs quantum dot lasers grown on Silicon, significantly extends device lifetime. Measurements on degraded devices show increased optical mode loss is responsible for degradation and a consequent shortening of lasing wavelength.
experiment revealed a reduction in the light output for lasers of all cavity lengths, with degradation occurring more rapidly for lasers with shorter cavity lengths (a greater fractional loss in light output with time). Threshold current values (Jth) extracted from interval L-I measurements, plotted in figure 3, show an increase in threshold current with aging, which is significant for the shortest (2000 μm) laser which failed to operate CW beyond 1000 hours. As aging proceeds, the external differential efficiency of the lasers also reduced, with the most significant fall occurring within the first few hundred hours of operation as shown in the insert of figure 3 for a 4000 μm long laser. Another 4000 μm laser was operated at 3.0 times threshold to observe how the increase in current density, for a given cavity length, would affect degradation rate. Despite the higher current density, which was comparable to the operating current density of the 2000 μm laser, the degradation rate did not increase significantly. The reason for this, is that above threshold the stimulated emission process causes rapid recombination of carriers in the active region of the laser and therefore, does not significantly increase the available carriers which can recombine by non-radiate processes, via a defect site.. The consequence of this, is that degradation is not so affected by operating current density, but rather the current density required to reach threshold. The experimental optical loss data has been obtained by the electrically pumped segmented contact method [3] . The early on-set of increased modal-loss is illustrated in figure 4 , where the modal absorption is plotted as a function of wavelength before and after CW operation of the device. The modal-loss includes inter-band absorption of the inhomogeneously broadened dot states and the internal optical mode loss (αi)(identified by the dashed lines), observable below the absorption wavelengths of the dots. The internal optical loss increased from 2.77 +/-0.09 cm -1 to 3.15 +/-0.08 cm -1 . This is consistent with the blue-shift we observe for laser wavelength following life-tests. In summary InAs QD ridge-waveguide lasers of different length grown directly on Si substrates have been operated at constant current and interval measurements of L-I-V characteristics used to determine changes in threshold current and slope efficiency. The rate of degradation depended on the cavity length of the laser being tested, revealing that the lower the operating carrier density, the lower the rate of degradation. Measurements also reveal that optical mode loss increases with time on test.
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